S2 QUADRUPLEX POLYMORPHISM Figure S1 . Examples of quadruplex structures deposited in the PDB that were studied by SE-HPLC: 2GKU (1), 2JSL (2), 201D (3), 2O4F (4), 1XAV (5) , 2O3M (6) , 2LPW (7) , 148D (8), 2LK7 (9), 2KYP and 2KYO (10), 2LXQ and 2LXV (11) , 2LED and 2LEE (12) , 2M4P (13) , 1Y8D (14) , 4H29 (15) , 2KAZ (16) , and 2LE6 (17) . Guanosines are depicted in brown, inosine in yellow, adenosines in blue, thymidines in green, cytidines in pink, the phosphate backbones as white ribbons, and potassiums as purple spheres where available. This figure was prepared using UCSF Chimera (18) . Figure S7 . Normalized chromatograms of autocomplementary oligonucleotides within a day from annealing (plain lines), and after a long incubation (65 to 80 days) at room temperature (dashed lines). Monomer is indicated with a m and dimer with a d.
HAIRPIN-DUPLEX INTERCONVERSION

S7
MISMATCHED DUPLEXES Figure S8 . Normalized chromatograms of the heteroduplex ds17-TA, and single-mismatched counterparts ds17-TT, ds17-TG, and ds17-TC. Figure S9 . Normalized chromatograms of the heteroduplexes ds-A6 and ds-A6mut.
A-TRACT BENDING
S8
PARALLEL-STRANDED DUPLEXES Figure S10 . Normalized chromatograms of parallel-stranded heteroduplex forming oligonucleotides (plain lines), and singlestranded sequences prepared in absence of complementary sequence (dashed lines), at a 100-µM strand concentration. ps-ds and ssDNA labels indicate the successful formation of parallel-stranded duplex and the presence of unstructured single strand, respectively. Figure S11 . Normalized chromatograms of the triplex structure PyW1•PuC1xPyH1 (at 20 and 30 °C), the Watson-Crick duplex PyW1•PuC1, and a mixture of PuC1 and PyH1 (the Hoogsteen duplex is not formed under these conditions), in MES 50 mM, pH 6.0, supplemented with MgCl2 (10 mM). Figure S12 . Normalized chromatograms of 22-mer mutants of the human telomeric sequence (plain lines), compared to wildtype sequences (dashed lines), at a 100-µM strand concentration. The arrow indicates the presence of a multimolecular quadruplex. S10 QUADRUPLEX CHROMATOGRAMS Figure S13 . Normalized chromatogram of quadruplex-forming oligonucleotides (250 µM-strand concentration, 100 mM KCl, pH 7.5) S11
TRIPLEX
S9
HUMAN TELOMERIC MUTANTS
SI DISTRIBUTION STATISTICAL ANALYSIS
In order to confirm that the sample size is large enough to significantly discuss about distribution differences, the Cohen's effect size was calculated using the pooled standard deviation S:
The Mann-Whitney U test was performed on all possible pairs of distributions (null hypothesis:
distributions are not different). 
Distribution pairs
Distribution pairs n W Z exact P asymptotic P decision at the 0.01 level
Monomer-dimer a 10; 10 55 2.75209 0.00195 0.00592 significantly different a Only for oligonucleotides giving both a monomer and dimer peak. Figure S14 . Compactness plot of the log10(MW) against relative elution volume for monomeric (purple), dimeric (blue), and tetrameric (green) quadruplex-forming oligonucleotides, with independent linear fitting (solid line; dashed lines: 95% confidence bands). TBA (only 2 G-quartets) and H-Bi-G4 (a bimolecular G4 with only 3 quartets, hence behaving like a monomer) are trivial outliers. I-motifs are depicted as pink diamonds. Figure S15 . A) Superimposition of two 12-bp ds-DNA structures (1RVI and 1RVH, in blue and tan respectively), B) superimposition of three 22-mer G4-DNA structures (tan: 1XAV, blue: 2O3M, green: 2LXQ). Only backbones and surfaces are depicted.
S12
G4-DNA COMES IN A VARIETY OF SHAPES
S13
RELATIONSHIP BETWEEN THE RADIUS OF GYRATION AND THE ELUTION VOLUME
The script used in Chimera to determine radii of gyration is given below: 
The radii of gyration Rg, calculated by summing the distances of each atom to the center of mass of the structure, are determined from the structures deposited in the PDB, and plotted against Ve/V0. Both the Rg values and the linear trend slope absolute value of ds-DNA are higher than for G4-DNA. This is expected since ds-DNA is generally more linear than G4-DNA, in analogy with what is found with linear and branched synthetic polymers (19) . Dimeric G4 are intuitively more linear than monomeric G4s, since they contain more consecutive stacked G-quartets (≥ 6), while TBA is particularly globular as it only has two quartets. A slightly higher linearity can also be expected for G4 displaying long loops such as H-Bi-G4 and 26Ceb. Both predictions are confirmed by the Rg plot.
We have previously seen that although the logarithm of the molecular weight allows a good first approximation of the volume, and hence of the expected relative elution volume, the globularity of the structure influences significantly its capability to enter the pores of the column beads. In that regard, the radius of gyration is not a much better descriptor of nucleic acid volumes: linear trends between Rg and Ve/V0 can be observed, but with fairly low R² values, and only within a given secondary structure type. This is not very surprising since such results were also found with synthetic polymers (19) . Furthermore, the dynamic nature of nucleic acid structures is merely taken into account by this variable, calculated at best by averaging a few NMR models. Other theoretical models (extended CABS, Flory-Huggins) might
give better results but were not assayed (19, 20) . Figure S16 . Plot of the radii of gyration (Rg), calculated for PDB-deposited structures, against the relative elution volume obtained for these sequences. Linear trends for homo-duplex, dimeric and monomeric G4 structures are shown as plain lines.
H-Bi-G4 is considered as a monomer. S15 MULTIMOLECULAR QUADRUPLEXES Figure S17 . A) Absorbance spectra of TG5T, integrated under the quadruplex and monomer peaks. B) IDS plotted from A). C) IDS of the monomer/dimer H-Bi-G4 couple. In both cases, a typical quadruplex signature was obtained meaning that the monomolecular species is unfolded while the accelerated peak is a G4, in accordance with their elution volumes. Mito86 is a 22-mer DNA oligonucleotide prone to form higher-order structures, which can be clearly seen from the comparison with the same-length oligonucleotide 22AG. Mito86 can theoretically fold into a bulge-containing intramolecular quadruplex but intermolecular structures are very predominantly formed, most likely because it contains only three tracts of guanines. In the same vein, when a sequence is particularly rich in guanines, such as Mito9, a wide range of structures particularly difficult to disentangle can be formed, here ranging from the tetramer to the monomer. 
S24
TGnT SEQUENCES.
To show the potential of SE-HPLC for the study of the polymorphism of quadruplex nucleic acids, the various structures formed by sequences following the TGnT pattern (n = 4 to 20; Table S1 ) are studied. oligonucleotides form well-known tetramolecular assemblies, longer sequences are prone to associate in alternative tri-or bimolecular structures (in 150 mM ammonium acetate buffer) (21) . The "classical" tetramolecular quadruplex is only observed for n = 4 to 7, while n = 8-11 and n = 12-20 sequences forms trimolecular and bimolecular species, respectively. These sequences (Table S1 ) are annealed in S25 Figure S34 . Chromatograms obtained for TGnT sequences (A: n = 4-9, B: n = 9-12). Arrows indicate: i) an increase of the tetramolecular structure volume (decrease of Ve/V0), ii) the appearance of smaller (trimolecular) species (increase of Ve/V0), iii) an increase of the trimolecular structure volume (decrease of Ve/V0), and iv) the appearance of a bimolecular structure (increase of Ve/V0).
For n = 4-7, a single peak is present, with a retention time decreasing as these structures of similar shapes grow larger (Figure S34A) . At n = 8 (dashed green chromatogram), a shoulder appears, which can be quantified by the widening of the peak taken as a whole (FWHM rising from 0.0679 at n= 4 to 0.0985 at n = 8; Table S1 ). Tetramolecular structures whose strands are staggered by one more bases might also contribute to this widening. The new type of dominant structure that is arising is smaller than its tetramolecular counterpart, because its retention time is higher. For n = 9, this alternative structure becomes predominant and following sequences until n = 11 follow this trend with decreasing retention times, suggesting that this is the same alternative structure growing in volume (Figure S34B) . According to Joly et al., this structure is likely to be trimolecular, which is supported by the expected retention time of these species considering their molecular weight. The FWHM of these peaks is also quite large (0.1244 to 0.1486), which indicates that there is a mixture of species in each case, possibly including structures with staggered strands. At n = 12 (dashed purple chromatogram), the trimolecular peak relative intensity dramatically decreases and another, significantly delayed, peak appears. This peak has been attributed to a bimolecular structure, again on the basis of its retention time, in accordance with the results obtained by Joly et al.
Longer sequences (n =13 to 20; Figure S35 ) have decreasing retention times most probably because they keep a similar structure but have increasing hydrodynamic volumes. For n = 16, 18 and 20, accelerated species can also be observed and might result from the presence of some trimolecular species or alternative higher-order assemblies. Despite the presence of long tracts of guanines, no polymerization is observed.
These results are overall very consistent with previously reported data and exemplify the potential use of SE-HPLC to study quadruplex DNA structure polymorphism and molecularity FUNCTIONALIZED OLIGONUCLEOTIDES Figure S36 . Absorbance spectra obtained by summing of the spectra under the peaks from chromatograms of 1-µM DNA samples. The spectra were zero-corrected at 650 nm, then normalized to 1 at 259.3 nm. The insert shows the absorbance spectra of FAM and DABCYL, in water.
